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$x\geq 0$ , $f(O)=0$
$\Vert f\Vert_{H_{K}}^{2}$ $:= \int_{0}^{\infty}|f’(t)|^{2}\frac{e^{t}}{t}dt<\infty$
$f$ $H_{K}$ [12]. $H_{K}$
$K(s,t)= \int_{0}^{\iota n}$
$\epsilon,t$)
$\xi e^{-\xi}d\xi=\{\begin{array}{ll}-se^{-\epsilon}-e^{-\epsilon}+1, s\leq t;-te^{-t}-e^{-t}+1, <s\end{array}$
182
Hilbert . Laplace $\mathcal{L}$ $H_{K}$ $L$
$Lf(p)$ $:=(\mathcal{L}f)(p)p$ , $f\in H_{K}$
, $L:H_{K}arrow L^{2}(0, \infty)$ ,
$\Vert Lf\Vert_{L^{2}(0,\infty)}\leq\frac{1}{\sqrt{2}}\Vert f\Vert_{H_{K}}$
. , . ( [5] . )
1 $L:H_{K}arrow L^{2}(0, \infty)$ .
$L$ $L^{*},$ $K_{t}(s):=K(s, t)$ ,






, $L$ , $G\in L^{2}(0, \infty)$ , $f\in H_{K}$
$Lf=G$ (3.2)
. $G$ , Laplace $F$ $G(p)=F(p)p$ . $L$
, (3.2) Hadamard , $L$ .
, . ,
,







, (3.2) Tikhonov . , $\alpha>0$
$G\in L^{2}(0, \infty)$ , $H_{K}$
$J_{\alpha}(f):=||Lf-G||_{L^{2}(0,\infty)}^{2}+\alpha\Vert f\Vert_{H_{K}}^{2}$ , $f\in H_{K}$ (4.1)
. 1 , $J_{\alpha}$ $f_{\alpha},c\in H_{K}$ .
Tikhonov , $f_{\alpha},c$ .
.
183
2([12, 13, 9]) $\alpha>0$ $G\in L^{2}(0, \infty)$ , $f_{\alpha,G}\in H_{K}$
$J_{\alpha}(f_{\alpha,G})= \inf_{f\in H_{K}}J_{\alpha}(f)$
. , $\alpha>0,t\geq 0$ Foedhorlm
$(\alpha I+LL^{*})H^{\alpha,t}=H_{t}$ (4.2)




$\Vert f_{\alpha,G}-L^{-1}G\Vert_{H_{K}}arrow 0$ , $\alphaarrow 0$
. , $f^{\dagger}\not\in H_{K}$ $G^{\uparrow}(p);=(\mathcal{L}f^{\uparrow})(p)p\in L^{2}(0, \infty)$ , $G\dagger$
$f_{a,G\dagger}\in H_{K}$ , $J_{\alpha}$ $f^{\dagger}$ .
4.1
2 \langle Laplace . (4.2) $H_{\alpha}(\cdot,t)$
$C\downarrow:=\{\phi(\xi)\in C^{0}[0, \infty)$ : $\lim_{\xiarrow\infty}\phi(\xi)$ }
. (4.2) , $H_{\alpha}(\xi,t)$ $\xi$ .
, $\alpha>0$ , $t\geq 0$ , Nystr\"om (4.2)
. $U,$ $L$ $N\in N$




$\alpha H_{i}^{\alpha,t}+\sum_{j=0}^{N}\frac{w_{j}}{(a_{1}+a_{j}+1)^{2}}H_{j}^{\alpha,t}=H(a_{i},t)$ , $0\leq i\leq N$ (4.5)




. (4.5) Nystr\"om $C_{t}$ [15]









$f(t)=\{\begin{array}{ll}-te^{-t}-e^{-t}+1, 0\leq t\leq 1;1-2e^{-1}, 1\leq t\end{array}$
$\mathcal{L}f=F$ . $f\in H_{K}$ .
$L=-2,$ $U=2,$ $N=20$ ,
1 . $\alpha$ , $f_{\alpha}$ $f$
.
$t$







(a) $\alpha=10^{-4},10^{-8},10^{-12}$ (b) $\alpha=10^{-100},10^{-400}$
2: (Example 2) Tikhonov
$\mathcal{L}f=F$ . $f\not\in H_{K}$ . $F$
2 . 2(a) , $\alpha=10^{-4},10^{-8},10^{-12}$ , (b)
$\alpha=10^{-100},10^{-400}$ . (a) (b) $f_{\alpha}$ ,
$f$ , .
, $L=-7,$ $U=7,$ $N=7000(h=1/500)$ ,
exflib [2] 600 . (
). Opteron $(2.2GHz)$ Athlon64 $(2.2GHz)$ 28
MPI , (4.5) 4 20 (Cholesky 1 25 , 2000 $t$
2 55 ), 10GB . (4.6) ,
600 1 20 .
Example 3
$F(p)= \frac{1}{p}(\exp(-p/2)-\exp(-3p/2))$
. , [1/2, 3/2]
$f(t)=\chi_{[1/2,3/2]}(t)=\{\begin{array}{ll}1, \frac{1}{2}<t<\frac{3}{2};0, otherwise\end{array}$
Laplace . 3 .
, $[ \frac{1}{2}$ , $1] \cup[\frac{3}{2}$ , $\frac{5}{2}]\cup[3,$ $\frac{7}{2}1$ 4 .
Example 4
$F(p)=\exp(-p)$




(a) $\alpha=10^{-4},10^{-8},10^{-12}$ (b) $\alpha=10^{-100},10^{-400}$
3: (Example 3) Tikhonov
(a) $\alpha=10^{-4},10^{-8},10^{-12}$ (b) $\alpha=10^{-1\infty},10^{-400}$
4: (Example 3) Tikhonov
Example 1( 1) , $f\in \mathcal{L}(H_{K})$ , $f$
. , $f\not\in \mathcal{L}(H_{K})$ ,
(a) , $\alpha\geq 10^{-12}$ ,
, $\alpha$ , 4(b)
$10^{-400}$ . IEEE754 , 10 16 ,
$10^{-308}$ $10^{308}$ . ,
$L,$ $U$ , (b)





‘(a) $\alpha=10^{-4},10^{-8},10^{-12}$ (b) $\alpha=10^{-100},10^{-400}$
5: $\delta_{t-1}$ Laplace (Example 4) Tikhonov
5 Laplace
, (3.2) , $L$ . 1
, $L$ $\{\mu_{n};\varphi_{n}, g_{n}\}_{n\approx 1}^{\infty}$ [8]. ,
$L\varphi_{n}=\mu_{n}g_{n}$ , $L^{*}g_{n}=\mu_{n}\varphi_{n}$ , $n\in N$ . (5.1)
2 Tikhonov .
$f_{\alpha,G}(t)= \sum_{n=1}^{\infty}\frac{\mu_{n}}{\alpha+\mu_{n}^{2}}(\int_{0}^{\infty}G(p)g_{n}(p)dp)\varphi_{n}(t)$ .
, Picard , $\mathcal{L}f=F,$ $f\in H_{K}$ , Laplace .
$f(t)= \mathcal{L}^{-1}F(t)=\sum_{n=1}^{\infty}\frac{1}{\mu_{n}}(\int_{0}^{\infty}F(p)g_{n}(p)pdp)\varphi_{n}(t)$ .
, $G\in L^{2}(0, \infty)$ , $M$ spectral cut-off $Lf=G$
spectral cut-off
$f_{M,G}(t)= \sum_{n\approx 1}^{M}\frac{1}{\mu_{n}}(\int_{0}^{\infty}G(p)g_{n}(p)dp)\varphi_{n}(t)$ (52)





$\mu^{2}g=LL^{*}g$ , $g\in L^{2}$
188
. , $g$ , (4.4) ,
$\overline{\mu}^{2}\overline{g}_{i}=\sum_{j=0}^{N}\frac{w_{j}}{(a_{i}+a_{j}+1)^{2}}\tilde{g}_{j}$, $0\leq i\leq N$ (5.3)
. $(\overline{g}_{0}, \cdots\overline{g}_{N})$
$\overline{g}_{0}\geq 0$ $\sum_{j=0}^{N}w_{j}\overline{g}_{j}^{2}=1$
. , . (
. )
3 $LL^{s}$ 1 .










$LL^{*}$ $L^{2}(0, \infty)$ $\mu^{2}>0$ , $(LL^{*}+\mu^{2}I)^{-1}$ $L^{2}(0, \infty)$
, $9’\in L^{2}(0, \infty)$ $g\in L^{2}(0, \infty)$ $g(O)$ .
1, 3 , (5.3)
[1]. $\tilde{\mu}\iota,$ $\cdots\tilde{\mu}_{N+1}$ , $\tilde{\mu}_{n}$ $(\overline{g}_{n,0}, \cdots g_{n,N})$
. , $\overline{\mu}_{n},\tilde{g}_{n,i}$ , $\mu_{n},g_{n}(a$ . $\tilde{\mu}_{n},\tilde{g}_{n,i}$ Nystr\"om
, $\varphi_{n},$ $g_{n}$ .
$\varphi_{n}^{(N)}(t)=\frac{1}{\overline{\mu}_{n}}\sum_{j=0}^{N}H(a_{j},t)w_{j}\overline{g}_{n,j}$ ,
$g_{n}^{(N)}(p)= \frac{1}{\overline{\mu}_{n}^{2}}\sum_{j=0}^{N}\frac{w_{j}}{(p+a_{j}+1)^{2}}\overline{g}_{n,j}$ .
(5.2) , $Lf=G$ .







(a) $\varphi_{n}\in H_{K}$ (b) $g_{\hslash}\in L^{2}(0,\infty)$
7: $L$
5.2
(5.3),(5.4) . , $L=-7,$ $U=$
$7,$ $N=12000$ , exffib 10 400 .
QL [11] , Opteron Athlon64 28
, 86 10 ( 45 40 , QL 40 30 ),
24 GB . , $\{\mu_{n}\}_{n1}^{1\underline{50}0}$ 6 , $H_{K},$ $L^{2}(0, \infty)$
$L$ 7(a),(b) .
Example 1 Example 4 , (5.4) 8 12





(a) $Sp\propto tral$ cut-off (b) $(F(p)p,g_{\mathfrak{n}}[p))/\mu_{n}$
8: $f\in H_{K}$ (Example 1)
(a) Spectral cut-off (b) $(F(p)p, g_{\mathfrak{n}}CP))/\mu_{n}$
9: $f$ (Example 2)
,
$F(p)=\{\begin{array}{ll}0, 0<p<1,2<p;1, 1<p<2\end{array}$
(5.4) $M=1500$ 13 (a) , Laplace
13(b) .
, Tikhonov (4.6)
, . , $t$
$H_{\alpha}(\cdot, t)$ , (4.5) . , spectral cut-off
(5.4) , $t$ $H(\cdot,t)$ .
191
(a) Spectral cut-off (b) $(F(p)p,g_{\hslash}(p))/\mu_{n}$
10: (Example 3)
(a) Spectral cut-off (b) $(F(p)p,g_{n}[p))/\mu_{n}$
11: (Example 3)
7 , $L$ 2 .
$L$
1. $\varphi_{n}\in C\iota$ , $\varphi_{n}$ $tarrow\infty$ ,
$\lim_{tarrow\infty}|\varphi_{n}(t)|=\sqrt{2}\mu_{n}$, for all $n$ .
2. $g_{n}$ ,
$|g_{n}(0)|=\sqrt{2}$ , for all $n$ .
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(a) Spectral cut-off (b) $(F(p)p,g_{n}(p))/\mu_{n}$








$- 1$ \mbox{\boldmath $\theta$}2
$- 1\overline{\alpha}+\theta 2$
$-a+320$ 2 $\ell$ 6 $\mathfrak{g}$ 10
1 $p$
(a) Spectral cut-off $fi600$ (b) Laplace Image $\mathcal{L}fi\iota 00$
13: Laplace
6 Concluding Remarks







, $L:H_{K}arrow L^{2}(0, \infty)$ , , $f(t)=t$
$L[t](p)= \frac{1}{p}\not\in L^{2}(0, \infty)$
193
, .
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